Mammalian Kru Èppel-like transcription factors include 12 zinc ®nger proteins (KLF1±12) that are involved in regulation of cell proliferation and differentiation during morphogenesis and development (Trends Biochem. Sci., 24 (1999) 236). Structural considerations have segregated KLF6 and KLF7 into a separate sub-group, whereas in situ hybridizations have revealed predominant expression of the mouse klf7 gene in the developing nervous system. We examined the embryonic pattern of mouse klf6 in order to assess whether close kinship between KLF6 and KLF7 re¯ects similar expression patterns of the genes. The results of the in situ hybridizations demonstrate that klf6 expression in the developing nervous system is more restricted than klf7. In contrast to klf7, we also identi®ed several non-neural sites of strong klf6 expression; they include the developing hindgut, heart, lung, kidney, and autopod. q
Results and discussion
A BLAST search for expressed sequence tags (EST) identi®ed two non-overlapping clones coding for the mouse counterpart of human KLF6 (Koritschoner et al., 1997) . Primers derived from the EST clones were employed to derive the missing region of mouse Klf6 by RT-PCR ampli®cation of embryonic RNA (Acc. No. AF072403). Northern analysis revealed an extremely low amount of Klf6 mRNA (4 kb in size) in adult tissues (data not shown). Evaluation of Klf6 expression by in situ hybridization at E10.5 identi®ed the strongest signal in extraembryonic tissues (data not shown). By E11.5, distinct signals were seen in undifferentiated mesenchyme surrounding the neural tube and brain vesicles (Fig. 1A±D) . By E12.5, expression was noticeably strong in the nervous system, and relatively less intense in the surface epithelium, loose mesenchyme, and heart (Fig. 1E) . Additional low expressing organs included ureteric and lung buds (data not shown). Subsequent analyses focused mostly on the developing nervous system in order to compare the spatiotemporal pro®les of Klf6 and Klf7 in this organ (Laub et al., 2001 ).
Although Klf6 is expressed in all dorsal root ganglia (DRG), transcripts apparently accumulate in sub-populations of cells in the neural tube (Fig. 1E) . The stripe-like pattern seen in the neural tube is reminiscent of the columnlike arrangement of PDGFa 1 glia precursors and Isl-1 1 motor neurons along the rostrocaudal axis of the neural tube (Pfaff and Kintner, 1998; Pringle and Richardson, 1993) . Hybridization of adjacent sections to a PDGFRa probe, however, excluded that Klf6 is expressed in early glial progenitors (Fig. 1G) . Transverse sections at different levels of the main body axis were examined to de®ne the regions of Klf6 expression in the CNS (Figs. 1K,L and 2A± J). At the lumbar and cervical levels, Klf6 expression was detected throughout the ventral region of the neural tube and particularly, in the ventral horn where Isl-1 1 motor neurons reside (Fig. 1K ,L) (Pfaff and Kintner, 1998) . Partial coexpression of Klf6 and Isl-1, which labels all motor neurons at this stage (Osumi et al., 1997) , was also observed in the hindbrain (Fig. 2) . Interestingly, Klf6 was found to be expressed in a more dorsal column of cells in the caudal hindbrain; the identity of these cells remains to be determined.
Distribution of Klf6 transcripts at E13.5 is similar to E12.5, except that expression was found to be more restricted within the neural tube and mostly con®ned to Isl-1 positive sites (Fig. 3A±F) . At stages E12.5 and 13.5, we also observed Klf6 expression in the developing limbs. Whole mount analysis revealed that Klf6 transcripts are restricted to the interdigital mesenchyme and excluded from regions of cartilage formation where the Col2a1 is expressed (Fig. 4A±F) . By E14.5, Klf6 transcripts were almost undetectable except in the ventral horn at the level of the forelimbs (Fig.  3G±M) . At later stages, Klf6 transcripts in the nervous system are mostly con®ned to the cortical plate and the hypothalamic regions, with low expression throughout the forebrain and midbrain (Fig. 3N,O) . The same pattern was observed in the neonatal brain of the P1 mouse (data not shown). In contrast to earlier stages, very strong Klf6 expression was detected at A para-sagittal section revealing Klf6 expression in the hindbrain (hb), the neural tube (nt), the dorsal root ganglia (drg), surface epithelium (se), heart (h), and loose mesenchyme (m). To aid recognition of structures, the same section is shown under bright®eld illumination (F). An adjacent section hybridized with a PDGFRa probe lacks signal in the nervous system (G). The areas of highest Klf6 expression (framed in panel (E)) are shown at higher magni®cations in dark®eld (H,I) or bright®eld (J) according to the red-letter code given in panel (E). (J) Klf6 expression in the anterior hypothalamus (arrowheads). Transverse sections at the lumbar (K) and the cervical levels (L) demonstrate expression in the surrounding mesenchyme and ventral neural tube, particularly in the ventral horn (arrows). Abbreviations: 3rd, third ventricle; 4th, fourth ventricle; oc, otocyst; tg, trigeminal ganglion; lv, lateral ventricle. E16.5 and E18.5 in the mucosa of the hindgut (Fig. 4G,J) . Thus, distribution of Klf6 transcripts is remarkably different from the expression of the epithelial-speci®c Klf5 gene throughout the entire gastrointestinal tract (Fig. 4H,I ) (Ohnishi et al., 2000) .
Methods
Isotopic and non-isotopic in situ hybridizations on paraf®n-embedded tissue sections and whole mounts were carried out as previously described (Laub et al., 2001) . Different RNA probes for Klf6 were generated using cDNA templates corresponding to the non-coding or coding regions of the . Klf6 transcripts in the developing limb (A±F) and in the E16.5 hindgut (G±J). Dissected forelimbs of three different stages were stained by non-isotopic RNA in situ hybridization with probes for Col2a1 (A±C) and Klf6 (D±F). Klf6 expression is restricted to the interdigital mesenchyme, whereas the Col2a1 probe labels the forming digits. (G) An E16.5 cross-section reveals that Klf6 expression is restricted to the hindgut (arrow). (H) As a control, an adjacent section shows Klf5 expression in the entire GI tract. (I) Bright ®eld micrograph of the section shown in panel (G). The hindgut can be distinguished from the midgut, because the villi characteristic for the midgut are absent. (J) Higher magni®cation of the micrograph in panel (G) demonstrates that Klf6 transcripts only accumulate in the mucosa; within it, transcripts are restricted to the epithelium of the colonic surface (green arrowheads) and are excluded from the developing intestinal glands (black arrowheads). Abbreviations: hg, hindgut; GI, gastrointestinal; mu, mucosa. gene; the latter did not contain the highly conserved DNA binding domain. Identical results were obtained with different riboprobes. For Isl-1 and PDGFRa , fragments covering the 5 H UTRs were isolated from mouse EST clones. Probes for Col2a1 and Klf5 have been described previously (Andrikopoulos et al., 1992; Ohnishi et al., 2000) .
